Introduction
============

Duodenal adenocarcinoma that originates in the mucosal epithelium is the most common type of duodenal tumor and in 2014 accounted for 15--25% of cases of cancer of the small intestine in the United States ([@b1-ol-0-0-10475]). However, \<1% of all cases of gastrointestinal cancer are diagnosed as duodenal adenocarcinoma, and this may be due to the duodenum being the shortest part of the small intestine ([@b2-ol-0-0-10475],[@b3-ol-0-0-10475]). The primary treatment for duodenal adenocarcinoma is surgery, with pancreatoduodenectomy and segmental resection being the most commonly used ([@b4-ol-0-0-10475]). The rarity of this condition means that there is no consensus about the best adjuvant treatment strategy ([@b5-ol-0-0-10475]), and the scope of resection for duodenal adenocarcinoma remains controversial ([@b6-ol-0-0-10475]). Previous studies have suggested that regional lymph node metastasis is associated with lower survival rates in patients with duodenal adenocarcinoma ([@b7-ol-0-0-10475]--[@b9-ol-0-0-10475]). However, prognostic factors such as age, sex, tumor size, pathology grade and American Joint Committee on Cancer (AJCC) Tumor-Node-Metastasis (TNM) stage were not consistent with that result ([@b10-ol-0-0-10475]). Furthermore, relatively little is known about the effect of marital status on the outcome of duodenal adenocarcinoma, and the data that is available may be affected by the small sample size ([@b11-ol-0-0-10475]).

Extra emphasis is now being placed on the role of social determinants in disease development ([@b12-ol-0-0-10475]). Social support forms an important part of patient screening, treatment and follow-up care. It has been suggested that spouses tend to encourage early screening and adherence to treatment, thereby improving outcomes ([@b13-ol-0-0-10475]). Therefore, the potential importance of social conditions should not be ignored in patients with duodenal adenocarcinoma, especially given that married patients reportedly have improved survival outcomes in breast, ovarian, colon, and head and neck cancer ([@b11-ol-0-0-10475],[@b14-ol-0-0-10475]--[@b16-ol-0-0-10475]). According to a previous study based on information in the Surveillance, Epidemiology and End Results (SEER) database, married patients are more likely to be diagnosed with earlier stages of cancer and therefore, the treatment regimens may be more effective compared with those in unmarried patients ([@b11-ol-0-0-10475]).

The aim of the present study was to elucidate the effects of marital status on the prognosis of patients with duodenal adenocarcinoma. The study investigated the impact of marital status on both overall survival (OS) and cause-specific survival (CSS) by analyzing demographic data obtained from the SEER database.

Materials and methods
=====================

### Patient population and study design

Sponsored by the National Cancer Institute, the SEER program collects demographic, clinicopathological and survival data on a per-patient basis from 18 cancer registries across the United States, Hawaii and Alaska ([@b17-ol-0-0-10475]). The SEER database (<https://seer.cancer.gov/seerstat/software/>)was used to identify 2,018 patients with adenocarcinoma of the duodenum diagnosed between January 2004 and December 2015. Primary cancer site and histology were coded according to the criteria in the third edition of the International Classification of Diseases for Oncology ([@b18-ol-0-0-10475]). Major loci and morphological code C17.0 were used to define tumors localized to duodenum, and the histological recode broad groupings were used to identify the nature of the tumor. Codes 8140-8389 were used to define adenomas and adenocarcinomas. Patients were excluded if the duodenal adenocarcinoma was not the first primary tumor, the marital status was unknown, the age at diagnosis was \<18 years or there was missing information on ethnicity, pathological grade, surgery, AJCC TNM stage or follow-up time. The primary outcomes of the present study were OS and CSS, which were defined as time until death from any cause and time until death caused by duodenal adenocarcinoma after diagnosis of duodenal adenocarcinoma, respectively. Death attributed to duodenal adenocarcinoma was regarded as an event. Patients who died from other causes or were still alive at the end of the last follow-up in December 2015 were treated as censored observations.

### Study variables

The demographic and clinicopathological data were extracted from the SEER database, including year of diagnosis, age, sex, ethnicity, marital status, pathological grade, AJCC TNM stage and surgery versus no surgery. Patients were divided into three groups according to the age at diagnosis (≤58, 59--75 and \>75 years), into four groups according to the year of diagnosis (2004--2006, 2007--2009, 2010--2012 and 2013--2015) and into three groups according to ethnicity (Caucasian, African descent and others). The AJCC TNM stage was established according to the criteria described in the 6th edition of the AJCC Cancer Staging Manual ([@b19-ol-0-0-10475]), and as this staging system was publicly released in 2004, the study was limited to patients diagnosed between 2004 and 2015. Marital status is coded in the SEER database as married, divorced, widowed, separated, never married, or domestic partner. The codes were combined by classifying patients as either married (including married and domestic partner) or unmarried (including never married, unmarried, divorced, separated and widowed).

### Statistical analysis

Patient characteristics between the two groups were compared, and it was determined whether the continuous variables conformed to a normal distribution; those that did are expressed as the mean ± SD, whereas those that did not are expressed as median values with the 25 and 75th percentiles provided. Continuous variables with a normal distribution were statistically compared using Student\'s t-test. Continuous variables that were not normally distributed were statistically compared using a Mann-Whitney U test. The categorical variables were compared using Pearson\'s χ^2^ test. OS and CSS were calculated using Kaplan-Meier plots method and a log-rank test was used to compare differences between the groups in the Kaplan-Meier plots. A Cox proportional-hazards model was constructed to identify factors that were independently associated with the prognosis. Cox multivariate analysis included age as a categorical variable (≤58, 59--75 and \>75 years). The two-sided probability values were calculated. P\<0.05 was considered to indicate a statistically significant difference. All statistical analyses were performed using SPSS (version 24.0; IBM Corp.).

Results
=======

### Baseline characteristics

A total of 2,018 eligible patients with duodenal adenocarcinoma diagnosed between 2004 and 2015 were identified in the SEER database. [Table I](#tI-ol-0-0-10475){ref-type="table"} shows the baseline characteristics of the patients stratified by marital status. Of the 2,018 patients, 1,227 (60.80%) were married and 791 (39.20%) were unmarried, with median ages of 67 and 69 years, respectively. The married group was comprised of considerably more males than females (63.33 vs. 36.67%), whereas the opposite was true in the unmarried group (37.04 vs. 62.96%). There were large proportions of white patients in the married and unmarried groups (79.38 and 66.62%, respectively), and also large proportions of patients who had received surgical interventions (64.38 and 56.89, respectively). There were statistically significant intergroup differences with regard to age (P\<0.001), sex (P\<0.001), ethnicity (P\<0.001), AJCC TNM stage (P\<0.001) and surgical details (P=0.001).

### Marital status and OS

Survival differed according to marital status (P\<0.001), as shown by the Kaplan-Meier curve for OS in [Fig. 1A](#f1-ol-0-0-10475){ref-type="fig"}. OS time was higher in married patients compared with that in unmarried patients, with median values of 22 and 12 months, respectively. Similarly, the 5-year OS rate was higher in married patients compared with that in unmarried patients (32.6 vs. 26.8%). In univariate analysis, all variables were identified as significantly predictive factors for OS, aside from ethnicity. After adjustment in multivariate analysis, all aforementioned variables retained independent significance in OS, except for year of diagnosis between 2007 and 2009 (P=0.562), while African descent (P=0.387) or other ethnicity (P=0.296) variables remained non-significant. Unmarried status had a validated negative effect on survival outcomes compared with married status \[hazard ratio (HR), 1.259; 95% CI, 1.118--1.419; P\<0.001\] ([Table II](#tII-ol-0-0-10475){ref-type="table"}).

### Marital status and CSS

Representative Kaplan-Meier curves for CSS are presented in [Fig. 1B](#f1-ol-0-0-10475){ref-type="fig"}. The 5-year CSS rate was higher for married patients compared with unmarried patients (38.8 vs. 33.7%) and a log-rank test indicated that the difference was significant (P\<0.001). In univariate analysis, all variables were identified as significantly predictive factors for CSS, aside from ethnicity and sex. After adjustment in multivariate analysis, all aforementioned variables retained independent significance in CSS, except for year of diagnosis between 2007 and 2009 (P=0.612), year of diagnosis between 2010 and 2012 (P=0.221), African ethnicity (P=0.825) or other ethnicity (P=0.092), and male patients (P=0.071). Unmarried status had a validated negative effect on survival outcomes compared with married status (HR, 1.236; 95% CI, 1.086--1.407; P\<0.001; [Table III](#tIII-ol-0-0-10475){ref-type="table"}).

### Subgroup analysis of the effect of marital status according to sex

The association between marital status and survival was analyzed separately for the two sexes. [Fig. 2](#f2-ol-0-0-10475){ref-type="fig"} shows Kaplan-Meier survival curves according to marital status and sex. The 5-year OS rate among female patients was higher in the married group (41.0%) compared with the unmarried group (26.6%) (P\<0.001), as was the 5-year CSS rate (46.3 vs. 33.0%; P\<0.001). The 5-year OS rate was also higher for the married group (27.8%) compared with the unmarried group (27.0%) (P=0.031) in male patients, whereas their CSS rate did not differ significantly with marital status (P=0.212). Multivariate analysis indicated that marital status affects OS in both females (HR, 1.220; 95% CI, 1.024--1.454; P=0.026) and males (HR, 1.273; 95% CI, 1.078--1.503; P=0.004), and also CSS in both females (HR, 1.218; 95% CI, 1.009--1.470; P=0.040) and males (HR, 1.218; 95% CI, 1.014--1.463; P=0.035; [Table IV](#tIV-ol-0-0-10475){ref-type="table"}).

### Subgroup analysis of the effect of marital status according to AJCC TNM stage

[Fig. 3](#f3-ol-0-0-10475){ref-type="fig"} shows Kaplan-Meier survival curves according to marital status of the patients at the four AJCC TNM stages: I, n=406; II, n=387; III, n=609; and IV, n=616. For stage-I patients, both the 5-year OS (P\<0.001) and CSS (P=0.001) rates were significantly higher in the married group (61.5 and 74.6%, respectively) compared with the unmarried group (43.2 and 58.4%, respectively). In addition, for stage-IV patients, the 5-year OS rates (6.5 vs. 5.8%; P=0.008) and 5-year CSS rates (7.7 vs. 6.9%; P=0.008) were similarly higher in the married group compared with the unmarried group, while the survival rates did not differ significantly with marital status for either AJCC TNM stage II or III. Multivariate analysis showed that married status was an independent prognostic factor for OS (HR, 1.778; 95% CI, 1.286--2.459; P\<0.001) and CSS (HR, 1.732; 95% CI, 1.162--2.583; P=0.007) in patients at stage I, but not in those at stage II, III, or IV ([Table V](#tV-ol-0-0-10475){ref-type="table"}).

Discussion
==========

The present study used the SEER database to investigate the association between marital status and survival outcomes in patients with duodenal adenocarcinoma. OS and CSS rates were higher in married patients compared with those in unmarried patients in both the univariate and multivariate analyses. Marital status may therefore be an independent prognostic factor for survival in patients with duodenal adenocarcinoma. The results of the present study are consistent with previous studies showing that both OS and CSS rates are increased in patients who are married compared with unmarried patients (including separated/divorced, widowed and unmarried patients) ([@b14-ol-0-0-10475],[@b20-ol-0-0-10475]--[@b25-ol-0-0-10475]).

In the present study, there was a larger proportion of male patients who were married compared with female patients, and this may be associated with differences in duodenal adenocarcinoma development in the sexes. Generally, there were more male patients than female patients with duodenal adenocarcinoma, consistent with the result that there were more married male participants compared with female participants ([@b26-ol-0-0-10475]). Additionally, ethnic differences and the financial and social responsibilities associated with marriage may provide an explanation for the differences observed. Socially, Caucasian men are more likely to have a higher education and income when compared with men of other ethnicities, therefore, the marriage rate may be higher ([@b27-ol-0-0-10475]). A previous study has indicated that the impact of marital status on the survival outcomes for certain types of cancer differs between men and women ([@b28-ol-0-0-10475]). Therefore, the present cohort was stratified according to sex in order to analyze whether the effect of marital status on the survival of patients with duodenal adenocarcinoma differed between the sexes, and it was found that both OS \[females (HR, 1.220; 95% CI, 1.024--1.454; P=0.026) and males (HR, 1.273; 95% CI, 1.078--1.503; P=0.004)\] and CSS \[females (HR, 1.218; 95% CI, 1.009--1.470; P=0.040) and males (HR, 1.218; 95% CI, 1.014--1.463; P=0.035)\] were increased in married patients compared with those in unmarried patients in each sex. The results of the subgroup analyses were similar to those found by Zhou *et al* ([@b19-ol-0-0-10475]).

Previous studies have suggested that the prognosis may be worse in unmarried patients due to a delayed diagnosis at more advanced tumor stages in such patients ([@b16-ol-0-0-10475],[@b29-ol-0-0-10475]). However, the present subgroup analysis of AJCC TNM stages showed that marital status is only an independent prognostic factor for OS and CSS in patients with stage-I disease, but not in those with disease at stage II, III or IV. Therefore, marital status was a protective factor for patients with early-stage disease, and its impact should not be ignored.

The generally accepted explanations as to why the survival rate of cancer is higher in married patients compared with that in unmarried patients involve improved mental health and socioeconomic status ([@b30-ol-0-0-10475]). It has been proposed that psychology, living habits and economic conditions, as well as certain biological factors, are all strongly associated with marriage and lead to different degrees of physiological changes ([@b31-ol-0-0-10475],[@b32-ol-0-0-10475]). From the physiological viewpoint, there have been numerous reasonable explanations for the mechanism underlying the impact of psychosocial factors on cancer survival rates. The positive effect of marital status on the cancer-related death rate is usually attributable to social support behaviors, including the spouse encouraging healthy behaviors, seeking curative treatment for the patient, and helping to reduce anxiety and stress both during and after treatment ([@b13-ol-0-0-10475],[@b33-ol-0-0-10475]). The socioeconomic status is generally higher for married patients compared with that for unmarried individuals. High medical expenses associated with receiving care usually put the patient under greater financial pressure, and a family member with another source of income may significantly ameliorate this situation ([@b34-ol-0-0-10475],[@b35-ol-0-0-10475]); this is particularly applicable in non-European countries, where the financial resources of patients have greater effects on their access to health care. Without sufficient funds to pay for treatment, some unmarried patients may be unwilling to seek the care they need in a timely manner ([@b36-ol-0-0-10475]).

In comparing the two groups of patients in this study, it can be seen that unmarried and married patients are comparable with regard to disease progression at the time of diagnosis, that is, there were no significant differences in pathological grades between the two groups. However, when analyzing the ratio of surgical treatment, unmarried patients did not undergo such treatment modalities as frequently as their married counterparts, and this translates into poor survival for widowed patients whose death risk increased by 101.4% and 5-year CSS was 59.8% compared to married patients (76.1%) ([@b13-ol-0-0-10475]). Therefore, although unmarried and married patients may present with similar disease processes, they differ in subsequent treatment options, with married patients being more likely to receive active treatment. In addition, there are reports that for unmarried individuals, compliance with clinical appointments is poor ([@b37-ol-0-0-10475]).

Previous studies have shown that a lack of psychosocial support and increased psychological stress can affect the normal functioning of the immune system, which may promote tumor progression and mortality ([@b38-ol-0-0-10475],[@b39-ol-0-0-10475]). Moreover, inadequate social support can reportedly reduce the activity of natural-killer cells and lead to disorders of various endocrine hormones such as cortisol and catecholamines ([@b35-ol-0-0-10475]--[@b40-ol-0-0-10475]). Other studies have shown that cortisol and catecholamines can accelerate the growth and metastasis of malignant tumors via immunosuppression ([@b41-ol-0-0-10475]--[@b43-ol-0-0-10475]). In addition, psychological stress can elicit prolonged release of cortisol and lead to cytokine-mediated inflammation, which is considered to be a poor prognostic factor for patients with cancer ([@b44-ol-0-0-10475],[@b45-ol-0-0-10475]). Although the majority of the previous studies involved patients with adenocarcinoma outside the duodenum ([@b14-ol-0-0-10475],[@b22-ol-0-0-10475],[@b24-ol-0-0-10475]), the psychosocial and physiological mechanisms underlying the effect of marital status on survival may be similar. Additionally, these previous studies support the presence of links between marriage, social support, and the immune response, and their impact on cancer mortality ([@b30-ol-0-0-10475],[@b31-ol-0-0-10475]).

Some limitations of the present study should be considered: i) The SEER database only provides the marital status at the time of diagnosis, and it was not possible to determine if this had changed after the diagnosis, and any such changes might have influenced the results; ii) patients who were not legally married may still have been in same-sex or heterosexual partnerships; iii) The SEER database lacks detailed information on the quality of marriage (for example, the degree of trust between husband and wife), and whether divorced or widowed patients are in different family relationships, and both of these aspects may affect the prognosis of patients with duodenal adenocarcinoma; and iv) it was not possible to obtain detailed information about disease recurrence, comorbidities, radiochemotherapy regimens and surgical procedures from the SEER database. The absence of these covariates may partially bias the observations made in the present study.

In summary, marital status may be an independent prognostic factor for OS and CSS in patients with duodenal adenocarcinoma. The survival rate of married patients was higher compared with that of unmarried patients, irrespective of sex, and thus, marital status plays an important role as a protective factor in patients with early-stage disease.

Not applicable.

Funding
=======

The present study was supported by The National Social Science Foundation of China (grant no. 16BGL183) and The Clinical Research Award of the First Affiliated Hospital of Xi\'an Jiaotong University of China (grant no. XJTU1AF-CRF-2016-024).

Availability of data and materials
==================================

The datasets used and/or analyzed during the present study are available from the author on reasonable request.

Authors\' contributions
=======================

NW and QB contributed equally to the work. NW, QB and JLy conceived the study and completed the manuscript. NW and JLi analyzed and interpreted the data. XR, JY, QL and HH reviewed, collected and analyzed data. XR and JLy supervised the whole study, revised the manuscript and gave final approval of the version to be published. All authors reviewed, edited and approved the present manuscript.

Ethics approval and consent to participate
==========================================

Not applicable.

Patient consent for publication
===============================

Not applicable.

Competing interests
===================

The authors declare that they have no competing interests.

![Survival curves in patients with duodenal adenocarcinoma comparing married and unmarried patients. (A) Overall survival. (B) Cause-specific survival. Cum, cumulative.](ol-18-02-1904-g00){#f1-ol-0-0-10475}

![Survival curves in the different sex subgroups of patients with duodenal adenocarcinoma according to marital status. (A) Female OS. (B) Female CSS (C) Male OS. (D) Male CSS. OS, overall survival; CSS, cause-specific survival; Cum, cumulative.](ol-18-02-1904-g01){#f2-ol-0-0-10475}

![Survival curves in different Tumor-Node-Metastasis stage subgroup patients with duodenal adenocarcinoma according to marital status. (A) Stage I OS. (B) Stage I CSS. (C) Stage II OS. (D) Stage II CSS. (E) Stage III OS. (F) Stage III CSS. (G) Stage IV OS. (H) Stage IV CSS. OS, overall survival; CSS, cause-specific survival; Cum, cumulative.](ol-18-02-1904-g02){#f3-ol-0-0-10475}

###### 

Baseline demographic and tumor characteristics of patients in the Surveillance, Epidemiology and End Results database.

  Characteristic                             Total            Married, n (%)   Unmarried, n (%)   P-value
  ------------------------------------------ ---------------- ---------------- ------------------ ---------
  Patients, n (%)                            2,018 (100.00)   1,227 (60.80)    791 (39.20)        
  Median age (25th-75th percentile), years   68 (58--76)      67 (57--75)      69 (59--79)        \<0.001
  Year of diagnosis, n (%)                                                                        0.053
    2004--2006                               409 (20.27)      262 (21.35)      147 (18.58)        
    2007--2009                               466 (23.09)      261 (21.27)      205 (25.92)        
    2010--2012                               556 (27.55)      351 (28.61)      205 (25.92)        
    2013--2015                               587 (29.09)      353 (28.77)      234 (29.58)        
  Sex, n (%)                                                                                      \<0.001
    Female                                   948 (46.98)      450 (36.67)      498 (62.96)        
    Male                                     1,070 (53.02)    777 (63.33)      293 (37.04)        
  Ethnicity, n (%)                                                                                \<0.001
    Caucasian                                1,501 (74.38)    974 (79.38)      527 (66.62)        
    African descent                          358 (17.74)      156 (12.71)      202 (25.54)        
    Other                                    159 (7.88)       97 (7.91)        62 (7.83)          
  Grade, n (%)                                                                                    0.357
    I                                        376 (18.63)      216 (17.60)      160 (20.23)        
    II                                       908 (45.00)      569 (46.37)      339 (42.86)        
    III                                      705 (34.94)      425 (34.64)      280 (35.40)        
    IV                                       29 (1.44)        17 (1.39)        12 (1.52)          
  AJCC TNM stage, n (%)                                                                           \<0.001
    I                                        406 (20.12)      217 (17.69)      189 (23.89)        
    II                                       387 (19.18)      248 (20.21)      139 (17.57)        
    III                                      609 (30.18)      406 (33.09)      203 (25.66)        
    IV                                       616 (30.53)      356 (29.01)      260 (32.87)        
  Surgery, n (%)                                                                                  \<0.001
    Yes                                      1,240 (61.45)    790 (64.38)      450 (56.89)        
    No                                       778 (38.55)      437 (35.62)      341 (43.11)        

AJCC, American Joint Committee on Cancer; TNM, Tumor-Node-Metastasis.

###### 

Univariate and multivariate survival analysis of OS in patients with duodenal adenocarcinoma.

                             Univariate analysis   Multivariate analysis                                        
  ------------------- ------ --------------------- ----------------------- --------- ----------- -------------- ---------
  Year of diagnosis                                                                                             
    2004--2006        26.1   Reference                                               Reference                  
    2007--2009        25.7   0.948                 0.814--1.103            0.488     0.955       0.819--1.115   0.562
    2010--2012        34.0   0.770                 0.660--0.898            0.001     0.852       0.729--0.995   0.043
    2013--2015        N/A    0.772                 0.652--0.914            0.003     0.805       0.679--0.955   0.013
  Age, years                                                                                                    
    ≤58               46.0   Reference                                               Reference                  
    59--75            31.3   1.519                 1.312--1.760            \<0.001   1.544       1.330--1.791   \<0.001
    \>75              12.8   2.753                 2.358--3.215            \<0.001   2.585       2.199--3.039   \<0.001
  Sex                                                                                                           
    Female            33.4   Reference                                               Reference                  
    Male              27.6   1.129                 1.010--1.261            0.032     1.176       1.047--1.322   0.006
  Race                                                                                                          
    Caucasian         30.8   Reference                                               Reference                  
    African descent   29.7   1.038                 0.898--1.199            0.614     1.068       0.920--1.239   0.387
    Other             26.0   0.976                 0.789--1.206            0.820     0.892       0.721--1.105   0.296
  Marital status                                                                                                
    Married           32.6   Reference                                               Reference                  
    Unmarried         26.8   1.303                 11.651.457              \<0.001   1.259       1.118--1.419   \<0.001
  Grade                                                                                                         
    I                 56.0   Reference                                               Reference                  
    II                29.0   2.073                 1.723--2.494            \<0.001   1.552       1.278--1.884   \<0.001
    III               19.1   2.963                 2.457--3.547            \<0.001   2.105       1.722--2.572   \<0.001
    IV                22.3   2.740                 1.731--4.336            \<0.001   2.349       1.473--3.745   \<0.001
  AJCC TNM stage                                                                                                
    I                 53.0   Reference                                               Reference                  
    II                36.3   1.433                 1.171--1.752            \<0.001   1.451       1.171--1.798   0.001
    III               36.4   1.386                 1.153--1.667            0.001     1.722       1.405--2.110   \<0.001
    IV                6.2    4.375                 3.665--5.223            \<0.001   2.427       1.994--2.953   \<0.001
  Surgery                                                                                                       
    Yes               46.4   Reference                                               Reference                  
    No                3.9    4.610                 4.097--5.188            \<0.001   3.399       2.914--3.964   \<0.001

OS, overall survival; HR, hazard ratio; CI, confidence interval; AJCC, American Joint Committee on Cancer; N/A, not available; TNM, Tumor-Node-Metastasis.

###### 

Univariate and multivariate survival analysis of CSS in patients with duodenal adenocarcinoma.

                             Univariate analysis   Multivariate analysis                                        
  ------------------- ------ --------------------- ----------------------- --------- ----------- -------------- ---------
  Year of diagnosis                                                                                             
    2004--2006        32.0   Reference                                               Reference                  
    2007--2009        32.9   0.934                 0.792--1.103            0.421     0.985       0.810--1.133   0.612
    2010--2012        40.1   0.790                 0.669--0.932            0.005     0.901       0.762--1.065   0.221
    2013--2015        N/A    0.766                 0.639--0.919            0.004     0.823       0.685--0.989   0.038
  Age, years                                                                                                    
    ≤58               49.7   Reference                                               Reference                  
    59--75            38.1   1.377                 1.179--1.609            \<0.001   1.390       1.187--1.627   \<0.001
    \>75              20.2   2.478                 2.102--2.921            \<0.001   2.325       1.958--2.760   \<0.001
  Sex                                                                                                           
    Female            39.4   Reference                                               Reference                  
    Male              34.5   0.102                 0.978--1.242            0.111     1.123       0.990--1.274   0.071
  Race                                                                                                          
    Caucasian         36.5   Reference                                               Reference                  
    African descent   37.5   0.969                 0.827--1.136            0.697     0.982       0.833--1.156   0.825
    Other             38.9   0.885                 0.698--1.121            0.310     0.815       0.642--1.034   0.092
  Marital status                                                                                                
    Married           38.8   Reference                                               Reference                  
    Unmarried         33.7   1.273                 1.128--1.436            \<0.001   1.236       1.086--1.407   \<0.001
  Grade                                                                                                         
    I                 69.5   Reference                                               Reference                  
    II                35.0   2.690                 2.153--3.362            \<0.001   1.919       1.523--2.419   \<0.001
    III               22.9   4.071                 3.254--5.093            \<0.001   2.717       2.145--3.441   \<0.001
    IV                23.3   3.923                 2.418--6.365            \<0.001   3.237       1.979--5.294   \<0.001
  AJCC TNM stage                                                                                                
    I                 67.3   Reference                                               Reference                  
    II                44.8   1.762                 1.390--2.234            \<0.001   1.666       1.298--2.140   \<0.001
    III               42.2   1.786                 1.435--2.222            \<0.001   2.116       1.668--2.685   \<0.001
    IV                7.3    6.143                 4.984--7.571            \<0.001   3.057       2.435--3.838   \<0.001
  Surgery                                                                                                       
    Yes               54.6   Reference                                               Reference                  
    No                5.9    5.163                 4.544--5.866            \<0.001   3.746       3.165--4.434   \<0.001

CSS, cause-specific survival; HR, hazard ratio; CI, confidence interval; AJCC, American Joint Committee on Cancer; N/A, not available; TNM, Tumor-Node-Metastasis.

###### 

Univariate and multivariate survival analysis of patients with duodenal adenocarcinoma based on sex.

  A, OS                                                                                                                                                             
  -------------------- ------------------------ ---------------------------------- ------------------------- --------------------------- ----------- -------------- -------------
  Female                                                                           28.356                    \<0.001                                                
    Married            41.0                     29                                                                                       Reference                  
    Unmarried          26.6                     12                                                                                       1.220       1.024--1.454   0.026
  Male                                                                             4.648                     0.031                                                  
    Married            27.8                     17                                                                                       Reference                  
    Unmarried          27.0                     12                                                                                       1.273       1.078--1.503   0.004
                                                                                                                                                                    
  **B, CSS**                                                                                                                                                        
                                                                                                                                                                    
                                                                                   **Univariate analysis**   **Multivariate analysis**                              
                                                                                                                                                                    
  **Characteristic**   **5-year survival, %**   **Median survival time, months**   **Log rank χ^2^**         **P-value**                 **HR**      **95% CI**     **P-value**
                                                                                                                                                                    
  Female                                                                           24.144                    \<0.001                                                
    Married            46.3                     45                                                                                       Reference                  
    Unmarried          33.0                     15                                                                                       1.218       1.009--1.470   0.040
  Male                                                                             1.558                     0.212                                                  
    Married            34.3                     22                                                                                       Reference                  
  Unmarried            35.0                     17                                                                                       1.218       1.014--1.463   0.035

OS, overall survival; CSS, cause-specific survival; HR, hazard ratio; CI, confidence interval.

###### 

Univariate and multivariate survival analysis of patients with duodenal adenocarcinoma based on the American Joint Committee on Cancer Tumor-Node-Metastasis stage.

  A, OS                                                                                                                                                             
  -------------------- ------------------------ ---------------------------------- ------------------------- --------------------------- ----------- -------------- -------------
  Stage I                                                                          19.027                    \<0.001                                                
    Married            61.5                     N/A                                                                                      Reference                  
    Unmarried          43.2                     34                                                                                       1.778       1.286--2.459   \<0.001
  Stage II                                                                         0.707                     0.400                                                  
    Married            36.0                     31                                                                                       Reference                  
    Unmarried          37.2                     20                                                                                       1.101       0.825--1.468   0.513
  Stage III                                                                        3.800                     0.051                                                  
    Married            38.6                     33                                                                                       Reference                  
    Unmarried          32.2                     25                                                                                       1.226       0.971--1.547   0.087
  Stage IV                                                                         7.020                     0.008                                                  
    Married            6.5                      6                                                                                        Reference                  
    Unmarried          5.8                      4                                                                                        1.176       0.972--1.423   0.096
                                                                                                                                                                    
  **B, CSS**                                                                                                                                                        
                                                                                                                                                                    
                                                                                   **Univariate analysis**   **Multivariate analysis**                              
                                                                                                                                                                    
  **Characteristic**   **5-year survival, %**   **Median survival time, months**   **Log rank χ^2^**         **P-value**                 **HR**      **95% CI**     **P-value**
                                                                                                                                                                    
  Stage I                                                                          10.993                    0.001                                                  
    Married            74.6                     N/A                                                                                      Reference                  
    Unmarried          58.4                     N/A                                                                                      1.732       1.162--2.583   0.007
  Stage II                                                                         2.130                     0.144                                                  
    Married            45.3                     53                                                                                       Reference                  
    Unmarried          43.8                     37                                                                                       1.255       0.916--1.721   0.157
  Stage III                                                                        1.129                     0.288                                                  
    Married            43.4                     41                                                                                       Reference                  
    Unmarried          39.6                     31                                                                                       1.119       0.867--1.445   0.387
  Stage IV                                                                         7.000                     0.008                                                  
    Married            7.7                      7                                                                                        Reference                  
    Unmarried          6.9                      4                                                                                        1.189       0.976--1.447   0.085

OS, overall survival; CSS, cause-specific survival; HR, hazard ratio; CI, confidence interval; N/A, not available. NE.Bib.

[^1]: Contributed equally
